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(57) Abstract 

A method for desulfurizing flue gases in an ab- 
sorber tower while maintaining a differential pressure 
across the absorber inlet-outlet of zero or less. An ab- 
sorber tower (10) is used which is devoid of packing, 
and which has a flue gas inlet (14) at the upper end 
thereof and a treated flue gas outlet (18) toward the bot- 
tom end. An aqueous slurry is sprayed into an upper re- 
gion (28) of the tower which includes (1) an absorbent 
for the sulfur-containing gases in said flue gases, and 
(2) one or more additional compositions which enhance 
the absorption of said sulfur-containing gases by scrub- 
bing with said slurry. The sprayed slurry thereby mixes 
with the flue gases and descends cocurrently in the tow- 
er. The treated gases are separated from the slurry and 
flowed to the outlet of the tower. 
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COCURRENT SCRUBBER METHOD AND SYSTEM 

Field of the Invention 

5 This invention relates generally to processes for 

desulf urization of flue gases, and more specifically 
relates to an improved scrubber method which enables 
effective use of an open spray tower to permit operation 
of the absorber with a differential inlet to outlet 
10 pressure of zero or less. 

REFERENCE TO DISCLOSURE DOCUMENT 

This invention is related to our Disclosure Document No. 
15 249993, filed April 5, 1990, which is hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

20 Air pollution is a very serious and urgent international 
problem. The sources of air pollution are primarily the 
products of combustion and are numerous and widespread. 
Many of the air pollutants are in the form of sulfur- 
bearing flue gases discharged by fossil-fuel-burning 

25 electrical power generating plants or other industries. 
While the precise impact of these pollutants on the 
environment is still a subject of some speculation, 
evidence continues to mount which demonstrates serious 
adverse effects. Yet, under foreseeable circumstances, 

30 it will be necessary to burn more and more fuel to meet 

the demands of a rapidly growing population requiring for 
each person evermore heating comfort and power, and the 
fuel which will generally be used will not contain much 
less sulfur, but will likely contain more sulfur. 

35 

Thus, sulfur oxides, principally present as sulfur 
dioxide, are found in the waste gases discharged from 
many metal refining and chemical plants, and in the flue 
gases from power plants generating electricity by the 
40 combustion of fossil fuels. In addition, sulfur- 



WO 93/01125 



PCT/US92/05600 



2 

containing gases, notably sulfur dioxide, may be formed 
in the partial combustion or gasification of sulfur- 
containing fuels, such as coal or petroleum residues. 
The control of air pollution resulting from the discharge 
5 of sulfur dioxide into the atmosphere has thus become 
increasingly urgent. 

The most common flue gas desulf urization (FGD) process is 
known as the "wet process". In that process the sulfur 

10 dioxide-containing flue gas is scrubbed with a slurry 
containing, e.g. limestone. The scrubbing takes place, 
for example, in an absorption tower in which the gas flow 
is countercurrent to and in intimate contact with a 
stream i.e. a spray of slurry. Most commonly the slurry 

15 is made to flow over packing or trays. The spent slurry 
product of this FGD process contains both calcium sulfite 
and calcium sulfate. It has been found to be 
advantageous to convert the calcium sulfite in the 
product to calcium sulfate by bubbling air or other 

20 oxygen-containing gas through the slurry. 

SUMMARY OF INVENTION 

Briefly, and in accordance with the present invention, 
25 additives which enhance the S0 2 removal efficiency of lime 
or limestone scrubbers are combined with a cocurrent 
absorber design which is essentially an open spray tower. 
This permits operation of the absorber with a 
differential pressure of zero or less. 

30 

Existing cocurrent absorber designs require packing to 
achieve reasonable S0 2 removal efficiencies. The presence 
of this packing results in a positive differential 
pressure inlet-to-outlet (i.e., a net pressure drop) for 
3 5 the treated flue gas across the absorber which requires a 
booster fan or booster fan modification to overcome. 
Other absorber designs also result in a significant flue 
gas pressure drop and thus have the same booster fan 
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requirement. In accordance with the present invention it 
has been found possible to even achieve a pressure rise 
in a cocurrent absorber if no packing material is 
included. 

5 

Existing cocurrent absorber designs include packing to 
provide adequate S0 2 removal efficiency performance at 
reasonable slurry recirculation rates. However, it is 
possible to eliminate the requirement for packing 

10 material if additives such as formic, adipic, glutaric 
and/or succinic and/or a mixed dibasic acid (DBA) or 
their salts; or the oxides, hydroxides, carbonates, or 
sulfates of sodium or magnesium are used to enhance the 
S0 2 removal performance of the absorber. With the packing 

15 removed, gas flowing through the absorber will be 

accelerated by the slurry spray and the gas pressure can 
actually rise across the absorber (i.e., the absorber 
will have a negative pressure drop) . Thus, it is 
feasible to install a cocurrent absorber which uses S0 2 

2 0 removal enhancement additives without the addition of a 
special booster fan or with minimum modification of an 
existing fan. A design such as this is especially useful 
for FGD retrofit applications, eliminating the need for 
expensive fan modification. 

25 

Another advantage of the cocurrent absorber design in 
retrofit applications is that cocurrent absorbers can be 
operated at higher gas velocities than countercurrent 
absorber designs. This advantage has two related 

30 benefits. First, the absorber cross-section can be 

smaller for cocurrent absorbers than for countercurrent 
absorbers. Thus, less space is required, which can be 
especially important in retrofit applications where 
available space is at a premium. Secondly, the "turn-up" 

35 ratio for cocurrent absorbers is better than for 

countercurrent absorbers. That is to say, the gas flow 
rate can be increased with less deleterious impact on 
performance for cocurrent absorbers than for 
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countercurrent absorbers. Thus, it is easier to take a 
scrubber module "out of service" and treat all of the gas 
in the remaining on-line absorbers. 

5 The separate use of cocurrent absorber design and the use 
of S0 2 removal (i.e. absorber) enhancement additives are 
per se well-known technologies. The combined use of 
these two concepts, however, has been found to function 
synergistically to provide unexpected benefits, including 
10 the ability to operate the FGD absorber with a gas-side 
pressure rise and the reduced cross-sectional area which 
can be achieved using a cocurrent absorber. These 
benefits are of particular value to utilities faced with 
the retrofit of FGD systems. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

20 FIGURE 1 is a schematic cross-sectional view of a 
cocurrent scrubber system in accordance with the 
invention; 

FIGURE 2 is similar to Figure 1, but illustrates a two 
25 module operation; and 

FIGURE 3 is similar to Figure 2, but illustrates the 
manner in which the invention facilitates gas flow turn- 
up where a module is taken out of service. 

30 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

In Figure 1 a cross-section view appears of a cocurrent 
scrubber system embodying the principles of the 
35 invention. There is shown a flue gas scrubbing absorber 
tower 10 to which flue gases 12 are provided by the 
conduit 14. The flue gases may be considered as 
resulting from a typical combustion process which as a 
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result of the fuel utilized includes substantial sulfur- 
containing gases, most notably si lfur dioxide, and it is 
desired to remove these gases by the scrubbing action in 
the tower 10. It is seen that the conduit 14 enters the 
5 upper reaches or top of tower 10, and that the gases then 
descend, i.e. proceed in a downward direction through 
tower 10 and exit by an outlet 16 into outlet conduit 18. 
The gases leaving can be regarded as being treated gases, 
i.e. they are substantially purified of the sulfur- 
ic containing components, notably S0 2 . At the bottom of the 
tower 10 is a sump 20, which in turn defines a reservoir 
22 for an aqueous slurry. The slurry includes a 
suspension of lime or limestone, i.e. calcium carbonate, 
as well as calcium sulfate which has formed from the 
15 scrubbing step, and in addition includes one or more 
agents or compositions which enhance the absorption of 
the sulfur-containing components such as S0 2 during the 
scrubbing action in tower 10. The slurry at sump 20 
typically includes 10 to 15% by weight solids. The 
20 absorption enhancing compositions are well-known in the 
art, and may be selected from one or more members of the 
group consisting of formic acid, adipic acid, glutaric 
acid, succinic acid, or the salts of any of the foregoing 
acids; as well as the oxides, hydroxides, carbonates or 
25 sulfates or sodium or magnesium. A preferred additive is 
so-called "diabsic acid" which is a mixture of adipic, 
glutaric and succinic acids - one such product being 
commercially available from the Monsanto Company. The 
said additives are typically present as from 1,000 to 
30 5,000 ppm of the scrubbing liquor (i.e. the liquid phase 
of the slurry) . The mixed slurry in sump 20 is pumped by 
pump 24 to the upper regions of the tower 10, where the 
slurry is then sprayed by a spraying means 28 mounted at 
the upper regions of the tower. 

35 

It is thus seen in accordance with the invention that the 
sprayed slurry including the lime or limestone absorbent 
and the absorption enhancing agents is mixed with the 
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flue gases in the upper regions of tower 10 and then 
descends cocurrently in same. The spent or partially 
spent slurry collects at the bottom of the tower in the 
reservoir 2 4 at sump 2 2 and the scrubbed gases proceed 
5 via outlet 16 and conduit 18 through a standard demister 
30 to an exit stack or to electrostatic precipitators or 
the like which may further purify the gases. The sump 20 
may optionally be provided with means to provide forced 
oxidation in same as shown at 25. Specifically, an air 

10 injection means may be positioned within the body of 
reservoir 22, preferably at the bottom of same, as for 
example in the form of a sparger into which air is 
injected under pressure as by means of a pump. Certain 
aspects of the advantages of forced oxidation are 

15 discussed in U.S. Patent No. 4,876,076. 

Typical L/G (liquid-to-gas) ratios in the tower 10 may be 
in the range of from 60 to 130 gal/ 1,000 ft 3 . In 
accordance with the present invention, it is seen that 

2 0 the tower 10 is devoid of packing media which are 
normally required in the prior art, particularly in 
countercurrent scrubbing operations. Thus tower 10 is 
essentially an open spray tower. This assures that the 
pressure drop between inlet and outlet in the tower is 

25 minimal, and actually is in practice found to be of zero 
or even of negative value. 

By reference to Figures 2 and 3, one of principal 
advantages of the present arrangement may be seen. More 

30 specifically in Figure 2, a two module operation is set 
forth in which two towers 32 and 34 appear which are 
substantially as described in connection with Figure 1. 
The gas outlets 3 6 and 3 8 from each of these towers are 
provided to a common stack 40. Representatively, as 

35 shown in Figure 2, a gas velocity of 15 feet per second 
may be assumed in each of the two modules. Referring to 
Figure 3, it is assumed that the module schematically 
depicted on the left, i.e. module 32, is inactivated as 
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by being taken off line for maintenance or other 
purposes. In accordance with the present invention, the 
gas velocity in the remaining on line module 34 may be 
readily increased to a velocity as shown, of 3 0 feet per 
5 second with minimal effects on efficiency or pressure 
drop, by virtue of the fact that said towers are devoid 
of packing, which normally would render this type of vast 
increase in gas flow turn-up extremely difficult or 
impossible to achieve. 

10 

While the present invention has been particularly set 
forth in terms of specific embodiments thereof, it will 
be understood in view of the instant disclosure, that 
numerous variations upon the invention are now enabled to 
15 those skilled in the art, which variations yet reside 
within the scope of the present teaching. Accordingly, 
the invention is to be broadly construed, and limited 
only by the scope and spirit of the claims now appended 
hereto . 
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WHAT IS CLAIMED IS : 

1 1. A method for desulf urizing flue gases in an 

2 absorber tower while maintaining a differential pressure 

3 across the absorber inlet-outlet of zero or less; 

4 comprising: 

5 providing an absorber tower which is devoid of 

6 packing , and having a flue gas inlet at the upper end 

7 thereof and a treated flue gas outlet toward the bottom 

8 end; and spraying into an upper region of said tower an 

9 aqueous slurry which includes (1) an absorbent for the 

10 sulfur-containing gases in said flue gases, and (2) one 

11 or more additional compositions which enhance the 

12 absorption of said sulfur-containing gases by scrubbing 

13 with said slurry; said sprayed slurry thereby mixing with 

14 said flue gases and descending cocurrently in said tower; 

15 and separating the treated gases from said slurry and 

16 flowing said treated gases to said outlet of said tower. 

1 2. A method in accordance with claim 1, wherein 

2 said absorbent comprises lime or limestone. 

1 3. A method in accordance with claim 2, wherein 

2 said composition for enhancing adsorption of said sulfur- 

3 containing gases, is selected from one or more members of 

4 the group consisting of formic, adipic, glutaric, 

5 succinic acids or their salts, and the oxides, 

6 hydroxides, carbonates or sulfates of sodium or 

7 magnesium. 

1 4. A method in accordance with claim 3, wherein 

2 said absorbing enhancement composition comprises a 

3 mixture of adipic, glutaric and succinic acids. 

1 5. A method in accordance with claim 1, wherein 

2 said absorber tower includes a sump at the bottom 

3 thereof, which defines a reservoir for said slurry, said 

4 slurry being pumped to the upper region of said tower for 
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5 spraying, and being collected at said sump following its 

6 descent in said tower. 

1 6. A method in accordance with claim 5, wherein 

2 said enhancement composition is added to said slurry at 

3 said sump. 

1 7. A method in accordance with claim 5, further 

2 including providing forced oxidation at said sump by 

3 bubbling air into same. 

1 8. A method in accordance with claim 5, wherein the 

2 separated treated flue gases are passed from said tower 

3 outlet to a demister. 
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WHAT IS CLAIMED IS : 

1 1. A method for desulf urizing flue gases in an 

2 absorber tower while maintaining a differential pressure 

3 across the absorber inlet-outlet of zero or less; 

4 comprising: 
5 

6 providing an absorber tower which is devoid of 

7 packing, and having a flue gas inlet at the upper end 

8 thereof and a treated flue gas outlet toward the bottom 

9 end; and spraying into an upper region of said tower, at 

10 a position between said flue gas inlet and flue gas 

11 outlet, an aqueous slurry which includes (1) an absorbent 

12 for the sulfur-containing gases in said flue gases, and 

13 (2) one or more additional compositions which enhance the 

14 absorption of said sulfur-containing gases by scrubbing 

15 with said slurry; said sprayed slurry thereby mixing with 

16 said flue gases and descending concurrently in said 

17 tower; said tower being open and of substantially 

18 constant cross-section between the said spraying position 

19 and said flue gas outlet, with said sprayed slurry being 

20 of sufficient velocity to accelerate the gas through the 

21 absorber tower to achieve and maintain said differential 

22 pressure across the absorber from said flue gas inlet to 

23 said flue gas outlet of zero or less whereby additional 

24 flue gases are drawn into said absorber tower; and 

25 separating the treated gases from said slurry and flowing 

26 said treated gases to said outlet of said tower, wherein 

27 said absorber tower includes a sump at the bottom 

28 thereof, which defines a reservoir for said slurry, said 

29 absorber tower further being associated with pump means 

30 whereby said slurry is pumped to the upper region of said 

31 tower for spraying, and is collected at said sump 

32 following its descent in said tower. 
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1 2. A method in accordance with claim 1, wherein 

2 said absorbent comprises lime or limestone . 

1 3. A method in accordance with claim 2, wherein 

2 said composition for enhancing adsorption of said sulfur- 

3 containing gases, is selected from one or more members of 

4 the group consisting of formic, adipic, glutaric, 

5 succinic acids or their salts, and the oxides, 

6 hydroxides, carbonates or sulfates of sodium or 

7 magnesium. 

1 4. A method in accordance with claim 3, wherein 

2 said absorbing enhancement composition comprises a 

3 mixture of adipic, glutaric and succinic acids, 

1 5. A method in accordance with claim 1, wherein 

2 said enhancement composition is added to said slurry at 

3 said sump. 

1 6. A method in accordance with claim 1, further 

2 including providing forced oxidation at said sump by 

3 bubbling air into same. 

1 7. A method in accordance with claim 1, wherein the 

2 separated treated flue gases are passed from said tower 

3 outlet to a demister. 



SUBSTITUTE SHEET 



1 / 2 



r'CT/US v2/ 03600 
h CI ttu 7993 



FIG. I 



1 

.1 



30 



T 

14 



10 




18 16 



y\ s\ y\ /\ 



CaC03 

Additive 

Air (Optional) 



24 



25 



22 



20 



FIG. 2 




FIG. 3 



I 



TO STACK 
40 
Gas 



JsL 



I 



Velocity 
30 tps 




34 



